INTRODUCTION
Dairy farming in Thailand is rapidly increasing. However, the production of raw milk can not meet the demand of the whole country. Local milk production comprised only about 20% of the total consumption, the rest had to be imported. Practically, 95% to 99% of dairy farms in Thailand can be classified as small scale or small-holder farms under mixed crop-livestock farming systems. Feeds cost is one of the majors inputs for dairy production which are relatively abundant in Thailand, especially concentrate feeds such as fish meal, cereals, cassava chip, as well as agricultural by-products and wastes [1] . In currently, most farmers have planted only one kind of grass with much use of chemical fertilizer as soil fertility and grass improvement. The use of appropriate forage systems involving leguminous plants, dairy farming could enhance the quality of environment and ecosystem, especially improving both quality of the roughage and soil fertility especially nitrogen contain. Tau-mun (Phaseolus calcaratus) is a sprawling leguminous shrub grows well in poor soils and in dry areas. The whole crop can be sun-dried as hay and the seeds can be a nutritious protein source at three months (17.8% to 22.1% DM) [2, 3] . Wanapat et al. [3] found that Tau-mun intercrop with Ruzi grass biomass yield were 10.6 tonnes DM/ha and CP was 14.1 percent of DM with NDF being 68.9 percent and ADF 47.8 percent of DM. The data shown that Tau-mun intercrop with Ruzi grass can increase crop biomass and protein value in small-holder farmers. Moreover, condensed tannins contained in PC are able to impede the digestion of protein through a capacity to form reversible complexes with proteins [4] . Tannin-protein complexes are considered stable in the rumen (pH 5.0 -7.0). However, the low pH (2.5 -3.5) in the abomasum as well as the high pH (8.0 -9.0) in the small intestine can stimulate dissociation [5] , contributing to "by-pass" proteins [6] . Therefore, the objective of this experiment to study effect of Phaseolus calcaratus as roughage mixed with Ruzi grass improve rumen fermentation and milk production in lactating dairy cows at small-holder dairy farms.
MATERIALS AND METHODS
The experiment was conducted on 10 small-holder dairy farmers from 4 Milk Collection Centers (Nampong, Pungtui, Kranaun in Khon Kaen province, and Srithad in Udonthani province) under the administration of Dairy Promotion Organization of Thailand (DPO) in the Northeast region of Thailand. The experiment was done during early of winter (October to December, 2009).
Animals and Feeds
Randomized complete block design (RCBD) was used in this experiment. Fours early lactating Holstein Friesian crossbred dairy cows (~82.5% Holstein Friesian) per farm were assigned into 2 groups (2 animals/group) to received ruzi grass (control) and mixed Phaseolus calcaratus and ruzi grass (at the ratio 50:50) in ad libitum as a roughage source. Concentrate was supplemented at the same level (1:2; concentrate:milk yield) after morning (0600) and afternoon (1600) milking. Average of the ingredients and chemical compositions is shown in Table 1.
Samples and Analysis
Individual intakes of roughage and concentrate were recorded for 60-days period. Feeds and fecal samples were dried at 60˚C, ground (1 mm screen using Cyclotech Mill, Tecator, Sweden). Samples were analysed using the [8] with the addition of α-amylase but without sodium sulphite and the results were calculated with residual ash. Total nitrogen (N) in samples of feeds, feed refusals, and feces were determined according to AOAC [9] (ID 984.13). Acid insoluble ash content of feed and feces were determined for dry matter digestibility by method of Van Keulen and Young [10] . Ruminal fluids were taken from each cow via a stomach tube at 60 th day of experiment. Ruminal pH and temperature were determined immediately by using pH meter (HANNA, instruments HI 8424 microcomputer, Singapore). Ruminal fluid was analyzed for NH 3 -N by Kjeltec 1002 system. Volatile fatty acids (VFA) concentration in rumen fluid was analyzed by using High Pressure Liquid Chromatography (Instuments by controller water model 600E; water model 484 UV detector; column novapak C18; column size 3.9 mm × 300 mm; mobile phase 10 mM H2PO4 [pH 2.5]) according to Samuel et al. [11] . Blood samples were analyzed for blood-urea nitrogen [12] .
Daily milk yield of each cow was recorded and milk was sampled twice a month. Samples from the evening and the morning milking of each cow were pooled (70:30) and stored in a refrigerator at 4˚C until they were analysed for fat, crude protein, lactose, solid-not-fat and total solids by an infra-red analyzer (MILKOSCAN). Milk production costs and income were calculated.
Statistical Analysis
All data were statistical analyzed using the general linear procedure in PROC GLM of SAS [13] . Data were analyzed using the model Yijk = μ + Bi + Tj + εijk where; Yijk = observation from block i and treatment j, μ = the overall mean, Bi = the mean of block (small-holder farm), Tj = the mean of treatment (roughage source), and εijk = the residual effect. Differences between treatment means were determined by Duncan's New Multiple Range Test [14] . Differences among means with P < 0.05 were accepted as representing statistically significant differences.
RESULTS AND DISCUSSION
Average protein content in Ruzi grass and PC were 6.7% and 17.4% of DM while condensed tannin content were 0.3% and 2.2% of DM, respectively ( Table 1) . However, Chanthakhoune and Wanapat [15] reported that crude protein and condensed tannin contents in PC hay were higher than 18.3% and 2.8%, respectively. Fluctuate of chemical compositions of PC may be due to the differences of the season, soil quality, cultivation concentration, etc.
It was found that total feed intake, roughages intake and concentrate intake tended to be lower in control group were not significantly different among treatments (P > 0.05) although it was ( Table 2 ). This may cause by in the beginning we designed to give concentrate to animal at 1 kg of concentrate per 2 kg of milk yield. However, Wanapat et al. [2] suggested that high quality of roughages can reduce concentrate feed for the animals. High quality of roughage means high content of available crude protein and easily degradable carbohydrate fractions particularly starch and sugar. These properties will lead rumen microbes to more digest of roughage, proving more nutrients to host animal, and then decreased of need of concentrate supplementation [16] . Digestibility of dry matter, organic matter, crude protein, and fiber fractions (neutral detergent fiber and acid detergent fiber) were similar among treatments (P > 0.05). However, cows received Ruzi grass mixed with PC tended to be higher in DM, OM and CP digestibility and DM digestible nutrient intake than control group. Our hypothesis was increasing of roughage quality especially enhancing of protein content could improve digestibility of dairy cow; however, it was not presented. Groff and Wu [17] found that apparent digestibility of dry matter increased linearly as the protein content of the diet was increased. However, changes in dry matter digestibility with dietary protein level were inconsistent, as it has been in the literature. Cunningham et al. [18] reported similar organic matter digestibility when diets contained 14.5% to 18.5% CP, and in agreed with Wattiaux and Karg [19] who showed no changes in dry matter digestibility when dietary protein was changed from 16.5% to 17.7%. On the other hand, decreasing dietary protein has been reported to result in decreases [20, 21] or no changes [22] in protein apparent digestibility. In addition, tannins are generally regarded as inhibitory to the growth of rumen microorganisms. It could be advantageous to specifically inhibit protein degrading bacteria in the rumen. Condensed tannin in L. corniculatus inhibited the growth of Clostridium proteoclasticum, B. fibrisolvens, Eubacterium spp. R. albus, F. succinogenes and S. bovis, and the rate of proteolysis in vitro [23] . Diaz et al. [24] shown supplementation with plant containing saponins and/or tannins resulted in decreased apparent digestibility of ruminant. Moreover, inclusion of 30% Calliandra leaves containing tannins in the diet significantly reduced total cellulolytic bacteria [25] . The present study indicated that animal received condensed tannin from PC at low level which it not impact on digestion of feed by rumen microbes. The ruminal pH and temperature were similar among treatments (P > 0.05) and were in normal ranges (Table  3) , which have been reported as optimal for microbial digestion of fiber (39˚C to 41˚C and 6.5 to 7.0, respecttively) as mentioned by Wanapat [16] . Moreover, it may confirm that cow obtained an appropriate level of roughage to concentrate ratio for optimum of rumen fermentation. Results from many studies have shown that rumen fermentation is generally change when animal fed with difference of forage to concentrate ratio [26, 27] . Furthermore, diets higher in non-structural carbohydrate such as starch normally cause of a decrease in microbial growth efficiency due to a decrease in ruminal pH and a slower ruminal passage rate [28] . Concentrations of ammonia nitrogen (NH 3 -N), blood urea nitrogen, milk urea nitrogen, and total volatile fatty acid were not significantly different among treatments (P > 0.05). Moreover, proportion of individual volatile fatty acids including acetic acid, propionic acid and butyric acid were not affected by roughage type (P > 0.05). The results were agreed with effects on feed intake and nutrient digestibility which were not affected by roughage type. In contrast, Hungate [29] stated that enhancing of protein digestion in the rumen will result in increasing of branch-chain fatty acid (such as iso-butyric acid) proportion.
Milk yield, and 3.5% fat corrected milk yield were significantly higher (P < 0.05) in cows fed with Ruzi grass mixed with PC than control group (P < 0.05). Although milk fat tended to be higher in cows received grass mixed, other milk compositions were similar among treatments (P > 0.05). Income and profit from milk selling was higher in cows fed with mixed grass when compared with the control group (P < 0.05); whereas, feed cost for milk production was similar among treatments (P > 0.05; Table 4 ). These results can implied that mixed of Ruzi grass with PC could enhance whole body nutriaent utilization of dairy cows particularly protein utilizetion. Condensed tannins contained in PC are able to delay the digestion of protein through a capacity to form reversible complexes with proteins (Tannin-protein complex) [4] . Tannin-protein complexes are considered stable in the rumen (pH 5.0 -7.0). However, the low pH (2.5 -3.5) in the abomasum as well as the high pH (8.0 -9.0) in the small intestine can stimulate dissociation [5] , contributing to "by-pass" or rumen-undegradable proteins [4, 6] . Efficiency of nitrogen utilization could be improved by increasing post-ruminal digestibility and/or providing a pattern of absorbed amino acid that more closely matches the amino acid requirements for milk synthesis. The NRC [30] recognize this distinction by describing dietary crude protein as being either ruminally degraded to support microbial growth or ruminally undegraded to supplement rumen microbial protein to meet metabolizable protein requirements. However, Ipharraguerre and Clark [31] reviewed that because of the large variation and small magnitude of response when rumenundegradable proteins are supplemented, efficiency of nitrogen utilization and the cost-to-benefit ratio for these crude protein supplements may determine the source and amount of crude protein to feed to dairy cows in the future.
CONCLUSION
Roughage source did not affect on feed intake, nutrient digestibility, and rumen fermentation although it tended to by higher in cow fed with PC mixed with Ruzi grass than control group. Although milk composition was not affect by treatments, milk yield, milk income and profit were enhanced by high quality roughage (PC mixed with Ruzi grass). Condensed tannin contained in PC may play action in providing to by-pass protein to dairy cow and enhanced their performance. Thus, high quality roughage such as PC mixed with Ruzi grass could be advantages for dairy farming in the Northeast of Thailand.
